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® An interconnect structure for PC boards and integrated circuits. 



® An interconnect structure for electrically coupling 
conductive paths (14,28) on • two adjacent, rigid 
substrates, such as PC boards or IC chips, com- 
prises a number of buttons (16) formed on a first 
substrate (12), and a number of contacts (28) formed 
on a second substrate (26). The buttons are elas- 
tically deformable, and include a resilient core (18) 
made from an organic material such as polyimide, 
and a metallic coating (20) formed over the core. 
The two substrates are compressed (F) between 
mounting plates such that the buttons (16) are 
pressed against the contacts (28) to make electrical 
contact. 
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AN INTERCONNECT STRUCTURE FOR PC BOARDS AND INTEGRATED CIRCUITS 



Technical Field 



This invention relates generally to printed cir- 
cuit (PC) boards and integrated circuits (ICs), and 
more particularly to structures for electrically cou- 
pling electronic substrates together. 



Background Art 

Printed circuit (PC) boards are used to elec- 
trically interconnect the many electronic compo- 
nents of an electronic circuit A typical PC board 
includes an insulating substrate, usually made from 
a resinous plastic, and a number of conductive 
metal paths or "traces" for carrying power and 
signals between the various components of the 
circuit. 

Many electronic systems divide their circuitry 
among a number of individual PC boards, and thus 
require an effective means for coupling the boards 
together. The most commonly used type of inter- 
connect for this purpose is an "edge connector" 
which engages an edge of a PC board to contact 
pads formed thereon. 

While edge connector technology is adequate 
when the number of required interconnects is 
small, problems arise as the interconnect require- 
ments increase. For example, with edge connectors 
all connection must be made at the edges of the 
PC board, which requires the PC board designer to 
route the desired signals through the maze of com- 
ponents to the periphery of the PC board. This 
requirement may result in a less-than-optimal lay- 
out of the components and increase the size of the 
PC board, thereby possibly reducing the perfor- 
mance of the electronic circuit. Furthermore, since 
the contact pads of the PC board must be made 
sufficiently large to ensure adequate contact with 
the edge connectors and must be sufficiently 
spaced to prevent shorts, the contact density of the 
edge connector technology is quite low, i.e. ap- 
proximately eight contacts/cm. Also, since the con- 
tact pads are linearly arranged along board edges, 
the length of the edge connector in direct propor- 
tion with the number of signals to be routed off- 
board. This, in itself, can cause reliability problems, 
because PC boards tend to warp, which may cause 
poor contact between some of the contact pads 
and the edge connector as the length of the edge 
connector increases. 

Due to the aforementioned limitations of edge 



connectors, a number of interconnect structures 
have been devised for more efficiently interconnec- 
ting PC boards. For example, in U.S. Patent No. 
4,125,310, of Fteardori, et aL an interconnect struc- 
5 ture is disclosed which interconnects wire cables 
from PC boards or electrical components with a 
pair of chemically milled, thin metallic wafers. One 
of the wafers is plated with metallic buttons, while 
the other wafer is plated with contact pads. The 
w two wafers are placed together and then com- 
pressed to force the metallic buttons into firm con- 
tact the contact pads of the adjoining wafer. This 
"metal button" technology permits two dimensional 
interconnections of approximately sixteen-hundred 
75 contacts/cm 2 . 

Another interconnect structure is disclosed in 
U.S. Patent No. 4,581,679 of Smolley which teach- 
es an insulated board provided with a plurality of 
openings, and a number of connector elements 
20 comprising compressible wads of conductive wire 
which are lodged within selected openings of the 
insulated board. The insulated board is sandwiched 
between a pair of PC boards, thereby pressing the 
connector elements into contact with PC board 
25 contact pads to electrically couple the PC boards 
together. The structure described in the Smolley 
patent will permit two dimensional interconnections 
at a density of approximately twenty-five lines/cm 2 . 
Electronic and electrical components can be 
30 attached to a PC board in a variety of ways, the 
most common of which is the provision of a num- 
ber of predrilled contact pads which are receptive 
to leads of the components. Once the leads are 
engaged with the PC board holes, they are sol- 
as dered to the pads to form a semi-permanent elec- 
trical connection with the PC board. 

A higher density method for interconnecting an 
electronic component to a PC board involves the 
use of "surface mount technology" where the leads 
40 from the electronic components are soldered di- 
rectly to the surface of pads on the PC board 
without being inserted into drill-holes. Surface 
mount technology permits an interconnection den- 
sity which is approximately a factor of two greater 
45 than that of conventional, through-the-board mount- 
ing technology, allowing the manufacture of small- 
er, higher performance PC boards. 

Other IC to PC board connection technologies 
include tape automated bonding (TAB) technology, 
so and "solder bump" technology. With tape auto- 
mated bonding, a tape provided with conductive 
traces is ultrasonically bonded to contact pads on 
the IC and the PC board, resulting in an intercon- 
nect density of approximately 20 contacts/cm. 
With solder bump technology, an IC is turned 
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over or "flipped" and solder bumps are provided 
on its active surface for direct bonding to contacts 
on a PC board or on another IC. While the solder 
bump technology is currently the most dense, 
commercially available interconnect technology 
with a two dimensional interconnect capacity of 
approximately twenty-five hundred contacts/cm 2 , it 
suffers from the disadvantage that, due to thermal 
expansion problems, the ICs with which it is used 
must be quite small. Also, the noncompliant nature 
of the solder bumps has the result of supporting 
the various ICS at different heights. Because the 
ICS usually must be liquid cooled to enhance their 
heat dissipation, the non-planarity of the ICS re- 
quires elaborate and expensive cooling systems. 
Furthermore, solder bump mounted ICs are difficult 
to assemble and repair. For these and other rea- 
sons, solder bump technology remains very expen- 
sive, and only desirable for the most demanding of 
applications. 

What the related art does not disclose, then, is 
an interconnect structure for electrically intercon- 
necting PC boards, ICS, and ICs to PC boards, 
which has a high contact density and compliance, 
which can be assembled and disassembled easily, 
and which is an economically feasible alternative to 
conventional interconnect structures. 

According to a first aspect of the present in- 
vention, there is provided an interconnect structure 
for electrically interconnecting two adjacent, con- 
ductive surfaces characterized by at least one pro- 
tuberance including a resilient core and a conduc- 
tive coating formed over at leas't a portion of said 
core, said conductive coating being electrically 
coupled to a first of said conductive surfaces and 
being adapted to mechanically contact a second of 
said conductive surfaces to provide an electrical 
connection between said adjacent conductive sur- 
faces. 

This has the advantage of providing a very- 
high-density interconnect structure between two 
hard substrates, such as PC boards and ICS. It 
also provides an interconnect structure which is 
economical and well-adapted to mass production 
techniques. 

The interconnect structure can be easily as- 
sembled and disassembled, both in the plant and 
in the field. 

According to a second aspect of the present 
invention, there is provided a method for making an 
interconnect structure between a first conductive 
path on a first substrate and a second conductive 
path on a second substrate characterized by the 
steps of: forming a protuberance on a surface of 
said first substrate including a resilient core and a 
conductive coating formed on at least a portion of 
an external surface of said core and coupled to 
said first conductive path; and forming contact 



means on a surface of said second substrate which 
is adapted to contact said protuberance, said con- 
tact means being electrically coupled to said sec- 
ond conductive path. 

5 An advantage of this method is that a high- 

density of interconnections can be made between 
two hard substrates. - 

Another advantage of this method is that the 
interconnect structure can be easily assembled and 

10 disassembled. This means that the circuitry asso- 
ciated with the interconnect structure can be re- 
paired in the field. 

A further advantage of this invention is that the 
interconnect structure does not require the high 

15 temperature processing for assembly and repair, as 
does the aforementioned solder bump technology. 

Yet another advantage of this invention is that 
large ICs can be mounted without damage due to 
thermal expansion mismatch with the underlying 

20 PC board because the polyimide buttons can flex 
to permit different expansion rates between the 
ICS and the PC board. 

A still further another advantage of this inven- 
tion is that electrical path length and, therefore, 

25 propagation delays are reduced due to the high 
interconnection density permitted by the structure 
of this invention. Furthermore, by using low dielec- 
tric constant materials, such as the aforementioned 
polyimide, the interconnection capacitances are fur- 

30 ther reduced, enabling very high speed circuit op- 
eration. 

Another advantage of this invention is that it 
permits the design to PC boards and ICs to be 
simplified. Because the interconnect leads on the 

35 PC board or IC do not have to be routed to an 
edge, but rather can be provided near the active 
components of the chips, fewer layers are required 
in the manufacture of a particular PC board or IC, 
thus reducing their manufacturing complexity. 

40 A still further advantage of this invention is that 

by controlling the shape of the buttons, a wiping 
action can be provided during the assembly pro- 
cess, which provides a fresh, metal surface on the 
buttons and the button contacts for better electrical 

45 connections. 

A further advantage of the present invention is 
that the interconnect structure of the present inven- 
tion can be extrendedin three dimensions stacking 
several substrates having buttons and contacts 

so formed on their facing surfaces. This configuration 
is extremely advantageous when space is at a 
premium (such as in a space satellite) or when 
electrical path lengths must be kept very short for 
high-spedd operation (such as in high-performance 

55 computers). 
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Preferred embodiments of the present inven- 
tion will now be described, by way of example 
only, with reference to the accompanying drawings, 
of which: 

Figure 1 is a perspective view of an intercon- 
nect structure in accordance with the present in- 
vention; 

Figure 2 is a cross-sectional view taken 
along line 2-2 of Fig.1; 

Figure 3 is a cross-sectional view illustrating 
the coupling of two substrates using the intercon- 
nect structure of the present invention; and 

Figures 4A-4D illustrates several alternative 
configurations for the buttons of the present inven- 
tion. 

Briefly, the invention includes a substrate, con- 
ductive traces formed on a surface of the substrate, 
and a number of protuberances or "buttons" rising 
above the surface of the substrate and coupled to 
selected traces. Each button includes a resilient, 
plastic core, and a metallization layer which ex- 
tends over the core and contracts one or more of 
the traces. 

A method for making the interconnect structure 
includes the steps of applying a layer of polyimide 
to the substrate, removing portions of the polyimide 
layer by means of a photolithographic technique to 
form polyimide bumps, and applying a metal coat- 
ing to the bumps to form the metallized buttons. 
Typically, the metal coating includes several layers 
of different metals, such as copper, chromium, and 
gold. 

Referring to Fig.1, an interconnect structure 10 
in accordance with the present invention includes a 
substrate 12, a number of conductive paths or 
traces 14, and a number of protuberances or but- 
tons 16. The buttons 16 are often arranged in a two 
dimensional matrix, as shown. 

The substrate 12 is typically a planar member 
made from insulating material. Common substrates 
include PC boards, multi-layer ceramics, and 
copper-polyimidethin-film multi-layers. In the case 
of integrated circuits the substrate is typically 
made from silicon or gallium arsenide. In any 
event, the substrate 12 should be dimensionaliy 
stable and as planar as possible to facilitate good 
interconnection contacts. 

The traces 14 are typically made from a thin 
film of metal (such as copper or gold) although in 
some cases, other conductive materials such as 
silicide are used. In the case of PC boards, the 
traces 14 are almost always copper or gold-plated 
copper, while in the case of ICS, the traces 14 may 
be copper, gold, aluminum, or silicide. 

With additional reference to Fig. 2, three but- 
tons 16 , 16 , and 16" are shown in cross-section. 
Each button includes a resilient core 18 made from 
an organic material such as polyimide, and is cov- 



ered with a metallic coating 20 which often com- 
prises one or more layers such as layers 22 and 
24. The metallic coating 20 is coupled to the asso- 
ciated trace 14. In other words, the metallic coating 

5 20 of buttons 16', 16", and 16" are electrically 
coupled to their respective traces 14 , 14 , and 14*. 

Referring now to.Fig. 3, a second substrate 26 
is shown which includes a number of contact pads 
28', 28°, and 28" which are adapted to contact the 

w buttons 16', 16", and 16", respectively, of the first 
substrate 12. The contact pads 28 are coupled to 
traces (not shown) on the second substrate 26 
which, in turn, are coupled to various electronic and 
electrical components (also not shown). 

75 The inner surface 30 of substrate 26 is shown 

with an exaggerated warp in order to illustrate the 
operation of the interconnect structure of this inven- 
tion. Furthermore, the axes Al of substrate 12 and 
A2 of substrate 26 are shown as being non-parallel 

20 for the same reason. 

When the substrates 12 and 26 are pressed 
together by a net force F^of approximately 2000 
PSI, the buttons 16', 16", and 16" are urged, 
against their respective contact pads 28 , 28 , and 

25 28"'. The force F is sufficient to deform the buttons 
16 to ensure good electrical contact between the 
buttons 16 and the traces 28. However, due to 
such factors as warpage or local non-planarity in 
one or more of the -substrates, or due to non- 
30 parallel alignment between the* axes of the sub- 
strates, some of the buttons 16 will be deformed to 
a greater degree than the other buttons. 

For example, in Fig. 3 the button 16 is shown 
with the greatest degree of deformation, while the 

35 button 16" shows the least degree of deformation. 
Furthermore, the pliancy of the buttons 16 allow 
adequate electrical contacts even when particulate 
matter, such as a dust particle 32, becomes lodged 
between a button 16 and a contact 28. In any case, 

40 the buttons 16 which make first contact will deform 
elastically up to a point and then undergo plastic 
deformation, thereby maintaining a constant force 
until the remainder of the buttons 16 establish 
contact with their respective contacts 28. The plas- 

45 tic deformation of the first contacted buttons 16 is 
permanent and tends to planarize the buttons 16, 
such that subsequent assembly of the substrates 
will require less force. 

It has been found that conventional lithographic 

so techniques can produce buttons 16 which have a 
center-to-center pitch of approximately 40 microm- 
eters. Therefore, a linear contact density of 250 
contact/cm and an area density of 62,500 
contact/cm 2 can be achieved using conventional 

55 photolithography techniques. Even greater contact 
densities can be achieved if lower yields are ac- 
cepted, and by using more sophisticated lithog- 
raphy techniques. 
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Referring now to Fig. 4a, an alternate embodi- 
ment for a button 16a includes a core 18a and a 
metallic coating 20a including first layer 22a and a 
second layer 24a. The button 16a is supported by 
a substrate 12a and is in electrical contact with a 
trace 14a via the metallic coating 20a. The button 
16a is substantially hemispherical in shape, but 
includes a flattened top portion 34 which provides 
increased surface area for contact with a contact 
pad of an adjacent substrate (not shown). 

With reference to Fig. 4b, a button 16b is 
illustrated which is either a truncated cone or a 
truncated pyramid in configuration. The button 16b 
includes a polyimide core 18b, and a metallic coat- 
ing 20b which contacts a trace 14b. Both the trace 
14b and the button 16b are supported by a sub- 
strate 12b. Again, the button 16b can include a 
flattened top portion 36 to provide a greater surface 
area for contact with a contact pad of an adjacent 
substrate. 

In Fig. 4c, a button 16c is coupled to a multi- 
layer substrate 12c including a first insulating layer 
38c, a conductive layer 40c, and a second insulat- 
ing layer 42c, A via 44c is formed in second 
insulating layer 42c to the conductive layer 40c, 
and a conductive trace 46c is deposited over the 
surface of insulating layer 42c and within via 44c. 

The button 16c includes a poiyimide core 18c 
and a metallic coating 20c. When the polyimide 
core 18c is formed over the substrate 12c, a crater 
48c is formed in the core 18c due to the via 44c 
beneath it. This crater 48c is maintained after the 
metallic coating 20c is applied to the core 18c and 
over a portion of the conductive trace 46c. 

Due to the crater 48c, the flattened top portion 
50c of button 16c will perform a wiping action on 
the contact pad of the adjoining substrate, as illus- 
trated by arrows 52c. As portions of the top portion 
50c wipe across the contact pads of the adjacent 
substrate, oxides are scraped away from both the 
buttons and the contacts to expose fresh, clean 
metal, ensuring a good contact 

Referring now to Fig. 4d, a button 16d is 
formed over a multi-layer substrate 12d, including a 
first insulating layer 38d, a conductive layer 40d, 
and a second insulating layer 42d. A via 44d is 
provided in the second insulating layer 42d to the 
conductive layer 40d. As before, a conductive trace 
46d is applied over the insulating layer 42d and 
within the via 44d. The button 16d includes a core 
18d and a metallic coating 20d, and has a shape of 
an inverted, truncated pyramid or cone. Again, due 
to the via 44d, a crater 48d is formed in the middle 
of button 16d, which permits wiping action as in- 
dicated at 52d as the flattened top portion 50d of 
button 16d is pressed against a contact pad of an 
adjacent substrate to ensure good electrical con- 
tact. 



A method for producing the buttons 16 as 
illustrated in Figs. 1-4 generally utilizes photolithog- 
raphy techniques. As should be apparent from the 
above descriptions, the starting material is the sub- 

s strate having the electrical paths or traces terminat- 
ing at contact pads. 

As a first step, a thick film of polyimide is spun 
onto or laminated onto the substrate to a thickness 
approximately equal to the desired button height, 

w for example 25 micrometers. A thin aluminum film 
is then deposited over the polyimide, and a layer of 
photoresist is spun over the aluminum film and soft 
baked. The resist is then exposed to an energy 
source, such as ultraviolet light, through a 

75 photolithographic mask defining the button pattern. 
After exposure, the resist is developed and then 
hard baked. 

After the resist is developed and hardened by 
the hard bake process, the thin aluminum film is 

20 etched in an acid solution. Next, the polyimide 
layer is etched in a CF* and 0 2 plasma chamber 
using the aluminum as an etch mask. After the 
polyimide is patterned to form the buttons, the 
remaining resist and aluminum layers are stripped 

25 from the substrate. 

At this point in the process, the polyimide core 
of the buttons have been formed on or near the 
appropriate contact pads of the substrate. To com- 
plete the formation of the buttons, the metallic 

30 coating is applied to the button's surface by, for 
example, evaporation or sputtering techniques well 
known to those skilled in the art. Typically, several 
metal layers will be used to enhance performance 
and durability. For example, a first layer of chro- 

35 mium (Cr) can be applied, and then a second layer 
of gold (Au) can be applied over the chromium 
layer to create a two-layer metallic coating for the 
button. Other metallic coating configurations in- 
clude Cr/Cu/Au; Ti/Au; Be/Cu/Au; and- Ag/Au. A 

40 typical total thickness for the metallic coating 20 is 
approximately one micrometer. 

To pattern the metal, another layer of photores- 
ist is spun over the substrate and the polyimide 
cores to planarize the substrate, and then the sub- 

45 strate is soft baked. The photoresist is then ex- 
posed to an energy source through a photolithog- 
raphic mask, developed, and hard baked to form a 
photoresist mask. Finally, the metal layers are wet 
etched through the photoresist mask. 

so After the metal layers are etched, the resist is 
stripped to reveal the contact metallizations on the 
buttons. The contact pads for an adjoining sub- 
strate are made by conventional photolithography 
techniques, and the interconnect structure is ready 

55 for assembly. 

An alternate method for metallizing the button 
cores includes the steps of depositing a thin layer 
of chromium over the substrate and cores prior to 
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spinning the resist over the substrate. After the 
resist has been soft baked, exposed, developed, 
and hard baked, the CR layer is used as a plating 
base, and the developed resist pattern as a stencil, 
such that metallization can be plated upwardly to 
form the contacts. 

Different shape of plastic buttons can be 
achieved by means of appropriate photomasks and 
by controlling the plasma etching process. For ex- 
ample, by changing the pressure/gas composition 
in the plasma chamber, the wall slope of the 
polyimide cores can be changed from an overcut 
to an undercut configuration. 

It should be noted that other materials besides 
polyimide can be used for the button cores. For 
example, polyphenylene sulfide compounds and 
fluoropolymers have appropriate elastic and pro- 
cessing parameters to be useful in this process. 
However, since the properties of polyimide under 
photolithographic conditions are well known, and 
because polyimide has a low dielectric constant, it 
is considered well-suited for the process of this 
invention. 

It should also be noted that the metal layer or 
layers applied to the button cores do not necessar- 
ily entirely cover them. In fact, only partial covering 
of the button cores by the metal layers may be 
desirable, because the cores couid then freely ex- 
pand under an applied pressure without the danger 
of fracturing the metal applied to them. This is 
because the polyimide has a lower Young's 
Modulus than the metal covering it, and requires 
additional room for expansion. Furthermore, if the 
metal is appropriately patterned, it will tend to bend 
elastically under the applied pressure, rather than 
be plastically deformed. 

While this invention has been described in 
terms of several preferred embodiments, those 
skilled in the art will recognize various modifica- 
tions, additions, and permutations thereof upon a 
reading of the preceding descriptions and a study 
of the various figures of the drawing. For example, 
stops could be provided between the two, hard 
substrates to prevent over-compression, and possi- 
ble damage, to the buttons. 



Claims 

1. An interconnect structure for electrically in- 
terconnecting two adjacent, conductive surfaces 
(14,28 ) characterized by at least one protuber- 
ance (16 ) including a resilient core (18) and a 
conductive coating (20) formed over at least a 
portion of said core, said conductive coating being 
electrically coupled to a first of said conductive 
surfaces (14) and being adapted to mechanically 



contact a second of said conductive surfaces (28 ) 
to provide an electrical connection between said 
adjacent conductive surfaces. 

2. An interconnect structure as claimed in 
s claim 1 further characterized by means for biasing 
(F) said adjacent conductive surfaces together to 
provide good mechanical and electrical contact be- 
tween said protuberance and said second conduc- 
tive surface. 

w 3. An interconnect structure as claimed in any 
of the preceding claims wherein the core is of 
polyimide material. 

4. An interconnect structure as claimed in any 
of the preceding claims wherein said conductive 

7S coating includes at least one metal layer (22). 

5. An interconnect structure as claimed in any 
of the preceding claims wherein said protuberance 
(16c, 16d) is configured to produce a wiping motion 
when pressed against said second conductive sur- 

20 face. 

6. A method for making an interconnect struc- 
ture between a first conductive path on a first 
substrate and a second conductive path on a sec- 
ond substrate characterized by the steps of:- for- 

25 ming a protuberance (16 ) on a surface of said first 
substrate including a resilient core (18) and a con- 
ductive coating (20) formed on at least a portion of 
an external surface of said core and coupled to 
said first conductive path (14'); and forming contact 

30 means (28 ) on a surface of said second substrate 
which is adapted to contact said protuberance, said 
contact means being electrically coupled to said 
second conductive path. 

7. A method for making an interconnect struc- 
35 ture as claimed in claim 6 wherein said step of 

forming a protuberance is characterized by the 
steps of: applying a layer of organic material to 
said first substrate; applying a resist over said layer 
of organic material; exposing said resist to an en- 
40 ergy pattern; developing said resist to form a mask; 
etching said layer of organic material through said 
mask to remove portions of said layer of organic 
material; and removing said mask to leave said 
protuberance. 

45 8. A method for making an interconnect struc- 

ture as claimed in claim 7 further characterized by 
the step of applying a layer of aluminun to said 
layer of organic material prior to said application of 
said resist, whereby said layer of aluminum forms 

so a part of said mask. 

9. A method for making an interconnect struc- 
ture as claimed in any of claims 6 to 8 wherein 
said step of forming a conductive coating on said 
resilient core includes the steps of: applying a layer 

55 of metal over said substrate and protuberance; 
applying a resist over said layer of metal; exposing 
said resist to an energy pattern; developing said 
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resist to form a mask; etching said layer of metal 
through said mask to remove said portions of said 
layer of metal; and removing said mask. 

1 0. A method for making an interconnect struc- 
ture as claimed in any of claims 6 to 9 wherein 5 
said step of forming a conductive coating on said 
protuberance is characterized by applying a plural- 
ity of metal layers (22,24) to said protuberance. 
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© An interconnect structure for PC boards and integrated circuits. 



© An interconnect structure for electrically coupling 
conductive paths (14',28') on two adjacent, rigid 
substrates, such as PC boards or IC chips, com- 
prises a number of buttons (16) formed on a first 
substrate (12). and a number of contacts (28) formed 
on a second substrate (26). The buttons are elas- 
tically deformable, and include a resilient core (18) 



made from an organic material such as polyimide, 
and a metallic coating (20) formed over the core. 
The two substrates are compressed (F) between 
mounting plates such that the buttons (16) are 
pressed against the contacts (28) to make electrical 
contact. 
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